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Antidromic  responses  and  axon  reflexes  both  imply  that  under 
experimental conditions or even under certain unusual natural condi- 
tions  nerve impulses may flow over nerve fibers in  a  direction the 
reverse of the usual one.  This is perhaps most  clearly seen in the 
motor system.  The axon of a  vertebrate motor neurone, as it  ap- 
proaches  and  enters  its  muscle,  branches many times  till  its  final 
ramifications end each in a  cross-striped muscle fiber.  The ultimate 
branches of such an axon may number a hundred or so and with each 
branch carrying at its end a muscle fiber the whole system collectively 
constitutes what Sherrington has called a motor unit.  Such a unit is 
believed to act as a  whole in the ordinary contraction of a  skeletal 
muscle  and  under  usual  circumstances  it  represents  the  smallest 
functional aggregate of active muscular elements.  The contraction 
of any vertebrate skeletal muscle is made up of the combined con- 
tractions of its various motor units each of which represents an irre- 
ducible element in this operation.  If instead of stimulating the single 
motor axon of a given motor unit, the stimulus is applied to one of the 
peripheral  branches of this  axon,  an  interesting  condition presents 
itself.  Under such circumstances not only do the muscle fibers sup- 
plied by the stimulated branch contract, but those in the rest of the 
unit also shorten, showing that from the point of stimulation impulses 
not only flow peripherally in the normal direction into the attached 
muscle fibers but impulses also pass centrally, that is, antidromically, 
till they meet other peripheral branches whereupon they make their 
way peripherally to  the other muscle fibers of the unit.  An anti- 
dromic or backward flowing of impulses is quite consistent with what 
is  known of general nerve physiology within the limits  of a  single 
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neurone and affords the basis for the so called axon reflexes.  If on 
stimulating  an  axon branch of a  motor neurone there is  this  anti- 
dromic flow of impulses,  may we not expect a  similar condition in 
vertebrate  melanophore  nerve  fibers?  This  question,  which  was 
raised very forcibly by Hoagland in his discussion of my recent paper 
on  "The reaction of chromatophores as evidence for neurohumors" 
(Parker  (1936 a))  given at  the Cold  Spring Harbor  Symposium for 
1936, is the subject of the present communication. 
The melanophore system upon which it is convenient to test this 
question is that of the common killifish, Fundulus heteroclitus.  This 
system,  however, is  not  so  simple  as the  skeletal motor system of 
vertebrates.  In  Fundulus  as  in  other  teleosts  each  melanophore 
receives several  nerve  fiber  branches  instead  of  only  one  as  with 
crossed-striped muscle fibers  and  of these branches  at  least  one is 
concentrating in function inducing a central migration of the melano- 
phore pigment and at least one other is dispersing in function bringing 
about a scattering of the pigment.  These melanophores, then, unlike 
skeletal muscle fibers, have a  double innervation and this must be 
kept in mind in the following discussion. 
It has been known for over a decade (Wyman (1924))  that when a 
bundle of melanophore nerve fibers is cut in the tail of a pale Fundulus, 
the melanophores thus denervated form a dark band leading from the 
cut toward the periphery of the  tail.  This  phenomenon has  been 
shown (Parker (1934))  to be due to an excessive stimulation of the 
dispersing  nerve  fibers  and  may  persist  for  several  days.  Many 
students of this subject have recorded the striking appearance of this 
band peripheral to the cut, but no one, so far as I am aware, has made 
any comment on its possible extension in a central direction from the 
cut.  Such an extension would be indicative of antidromic action and 
from the analogy with skeletal muscle it should be expected to occur. 
The first question to be answered is whether there really is any evi- 
dence of this central extension? 
When a  single branched fin-ray in  the  caudal fin of a  very pale 
Fundulus is severed a few millimeters distal from the root of the tail, 
the dark band already noticed begins to form within half a  minute 
and  is  very fully developed in  the  course  of  5  minutes.  A  most 
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the band has reached full formation reveals a well defined dark area 
that starts exactly at the cut and reaches peripherally to near the edge 
of the tail,  but  no band  extends centrally from the cut.  A  micro- 
scopic examination of these regions, however, shows a slightly differ- 
ent condition.  The position of such a  cut is shown in Figs.  1 and 2 
(4) and a view of the cut itself as seen under the microscope is given in 
Fig. 4.  As is shown in Fig. 1 each ray starts at the base of the tail as a 
single bony axis.  A short distance from this point it divides into two, 
then farther on into four and finally as a rule near the margin of the 
tail into eight subrays.  The cut shown enlarged in Fig. 4 was made 
in a region where the ray had divided into four.  As can be seen in the 
figure the cut failed to sever all four subrays, the pair above and the 
upper member of the lower pair being the only ones fully cut.  The 
branches of the nerves in these subrays undoubtedly suffered a corre- 
sponding fate and consequently the axis of the denervated dark band 
does not correspond exactly to that of the group of four subrays but 
centers more toward what in Fig. 4 is the upper pair.  This is dearly 
seen in the state of the melanophores distal to the cut (to the right 
in Fig. 4) where above the upper pair of subrays they are  fully dis- 
persed  and below the lower pair  fully concentrated.  This is  more 
obvious in Fig.  5,  a  photograph taken somewhat more distal to the 
cut than Fig. 4 and showing fully dispersed melanophores above the 
upper pair and fully concentrated ones below the lower pair. 
These are the conditions of the melanophores peripheral to the cut. 
What is their state central to it?  This can be seen in the left half of 
Fig. 4 and in all of Fig. 3 which includes the left part of Fig. 4 and still 
more in the basal direction of the ray.  A  comparison of the upper 
and the lower parts of these two figures shows indubitably that the 
melanophores above the upper pair of subrays have their pigment more 
dispersed than  those below the lower pair do.  The lower melano- 
phores  are indeed almost punctate,  the upper  ones almost  steUate. 
The melanophores then central to a cut have slightly more dispersed 
pigment than those of the adjoining regions though the dispersion is 
by no means so pronounced as that of the denervated melanophores 
peripheral to the cut.  This is  dearly seen by a  comparison of the 
upper part of Fig. 3 with the upper part of Fig. 5.  The condition irL 
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the  cut.  It is not  dear,  however, why the  nerve  impulses  are  not 
as effective centrally as peripherally.  This question, however, can be 
elucidated by further  experimentation. 
It has already been pointed out that in Fundulus the melanophore 
nerves  include  two  sets  of  opposing  fibers,  dispersing  and  concen- 
trating.  These  fibers  differ  physiologically  one  from  the  other  in 
that those concerned with dispersion are much more easily stimulated 
by being cut than those concerned with concentration; in other words, 
the dispersing fibers have a much lower threshold for stimulation  by 
cutting  than  the concentrating  ones do.  Hence in a  pale Fundulus 
these two sets of fibers are in very different states on the peripheral 
and the central sides of a denervating cut.  Peripheral to the cut the 
dispersing fibers are highly excited and the concentrating ones are cut 
off from their  normal  centers of excitation.  Central  to  the  cut the 
dispersing  fibers  also  highly  excited  antidromicaUy  must,  however, 
oppose the concentrating fibers which in a  pale fish are at a high degree 
of efficiency from their natural  centers.  Consequently the action of 
the dispersing fibers is felt by the melanophores less on the central side 
of a cut than on its peripheral side and this contrast is so marked in a 
pale Fundulus that scarcely any dark band at all is perceptible on the 
central  side of the cut.  The correctness of this view can be demon- 
strated by the following experiment. 
In carrying out a test to this end it is necessary to exclude from the 
central  side  of  a  given  cut  the  activity of the  concentrating  nerve 
fibers  and  yet to  maintain  a  pale  condition  in  the  fish  as a  whole. 
This can be attained by a  double operation.  If a  denervating  cut is 
made near the root of the tail of a  pale Fundulus a  peripheral  dark 
band  will  develop  as  usual  and  if  the  fish is  now kept  in  a  white, 
illuminated tank for a  few days, this band wiU fade almost to extinc- 
tion.  The conditions of the melanophores in such a  faded band are 
shown in Fig.  7 taken just peripheral to the cut and in Fig. 8 from a 
position half way between that  of the cut  and  the edge of the tail. 
The melanophores in these two regions are in an approximately stel- 
late or stellate-punctate condition and in this respect agree essentially 
with those immediately central to the cut as shown in Fig. 6.  The 
band having attained this condition of semi-blanching is now cut for a 
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of the tail (11-12 in Fig. 2).  Such a new cut in the position described 
will, as is well known, revive the peripheral part of the old band and 
since the central part of this band, at least as far as to the first cut, is 
now protected by that cut from the action of the concentrating fibers, 
this part of the band may b~ expected also to be revived provided the 
new cut calls forth antidromic impulses.  The results of the reviving 
cut thus favorably placed for the purpose of determining the presence 
of antidromic activities are shown in Figs. 9 to 12 whose positions are 
indicated in Fig. 2  (9 to  12).  As is apparent in Fig. 9 the melano- 
phores central to the first cut have remained much as they were before 
the new cut was made (compare Fig. 9 with Fig. 6).  Those peripheral 
to the new cut and shown in Fig.  12 have again dispersed their pig- 
ment as was to have been expected.  But this renewed dispersion not 
only affects the melanophores of the band peripheral to the new cut; 
it also affects those central to it both next the new cut (Fig.  11) and 
throughout the part of the band that lies between this cut and the first 
one (Fig. 10).  This region, between the two cuts, is the critical region. 
It is now protected from the action of the concentrating fibers and if 
antidromic influences are present they should show themselves by a 
dispersion  of  pigment.  Such  a  dispersion  is  abundantly  present. 
Tests of this kind were made not only on the fish from whose tail the 
photographs shown in  Figs.  9  to  12  were taken, but  on four other 
fishes all of which yielded similar results.  I, therefore, conclude that 
in the action of dispersing melanophore nerve fibers antidromic activi- 
ties can be clearly demonstrated particularly if in advance these fibers 
are freed from the opposing  action of the  associated concentrating 
nerve fibers. 
To ascertain whether the concentrating melanophore nerve fibers 
show antidromic responses an entirely different procedure from that 
used with the dispersing fibers must be employed.  The concentrating 
fibers have a very low threshold for faradic stimulation as contrasted 
with the dispersing fibers.  Moreover there is no reason to  suppose 
that after electric stimulation concentrating fibers remain active for 
any protracted length of time as the dispersing fibers do after having 
been cut.  From this standpoint concentrating fibers are much like 
ordinary  motor  fibers  whose  responses  to  electric  stimulation  are 
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of concentrating fibers in melanophores cannot easily be made because 
of the transitoriness of these effects.  Such effects, however, can be 
very clearly demonstrated to the observer's eye. 
In order to test concentrating fibers in this respect it is desirable to 
use killifishes that are only slightly dark.  If they are fully dark their 
skins are so filled with the dispersing neurohumor that the concen- 
trating humor from the concentrating nerves cannot compete with the 
opposing humor.  Hence it is desirable to have only enough dispersing 
humor present to give through its action on the melanophores only a 
slightly dark tone to the skin.  When on a Fundulus of appropriate 
tint platinum electrodes from an inductorium are placed across one 
of its caudal rays at the position seen in the cross line between A and B 
in Fig. 2, the electrodes may remain there indefinitely without exciting 
any change in the fish.  If now a  faradic current is started through 
them within a few seconds a pale spot will begin to appear under the 
electrodes and  spread  rapidly  as  a  band  peripherally and  centrally 
over the ray.  A  quick inspection of the band under the microscope 
shows that the pigment of the melanophores in the band has become 
concentrated till  each melanophore is  in  the punctate  state.  The 
directions taken by the resulting blanching would apparently indicate 
that the concentrating nerve fibers not only transmit peripherally but 
also  centrally, that is,  that they exhibit antidromic activities.  An 
objection,  however,  might  be  urged  against  this  interpretation  of 
the response in that it might be claimed that the blanching was not 
nervous but due to a spread of the electric current, for, as a stimulus, 
this  is  known  to  induce  concentration of pigment.  To  check this 
possibility slightly pale fishes were prepared by making denervating 
cuts in their caudal rays and after the resulting dark bands had largely 
faded  out  they  were  tested  electrically  as  in  the  preceding  trial. 
When in such a  preparation electric stimulation was applied on the 
peripheral side of the cut, the blanched area that resulted began at 
the cut and extended peripherally from that region (Fig. 2, B) and was 
not to be seen central to the cut.  If on the other hand the electrodes 
were applied centrally to the cut, the blanched area started at that 
point and spread centrally but not peripherally (Fig. 2, A).  As the 
cut in the ray interrupts the nerves but not the electrical conductivity 
of the tissue, the spread of the blanching in these tests is to be attrib- G.  ~.  PARKER  857 
uted  to  nervous  action  and  not  to  electric overflow.  I,  therefore, 
conclude  that  in  Fundulus  the  concentrating  melanophore  nerve 
fibers, as well as the dispersing ones, exhibit antidromic activities and 
in this respect agree with other motor and sensory nerve fibers of the 
vertebrate body. 
SUMMARY 
1.  In Fundulus heteroclitus the dispersing melanophore nerve fibers 
have a relatively high threshold for faradic stimulation and a low one 
for stimulation by cutting.  When they are protected from the com- 
peting  action  of  the  concentrating  fibers,  they  show  through  the 
responses  of  their  melanophores  well  marked  antidromic  activities 
which can also be seen to a slight degree even where the concentrating 
fibers are active. 
2.  The concentrating melanophore nerve fibers in this fish have a 
relatively low  threshold  for faradic stimulation  and  a  high  one  for 
stimulation by cutting.  They also exhibit clear antidromic responses 
as shown by their associated melanophores. 
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EXPLANATION OF PLATES 
The diagram and all photographs are from the kiUifish, Fundulus heteroditu¢. 
The photographs were taken by Dr. F. M. Carpenter. 
PLATE 2 
FIG. 1.  Cleared preparation of a tail of Fundulus  showing two bands; the one 
in the lower part of the tail came from a single cut, the other in the upper part 
originally from a single cut near the root of the tail reactivated by a second cut 
made near the middle of the length of the band and some days later than the 
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Fro. 2.  Diagram of a tail of Fundu/us showing the positions of denervating cuts 
and also the positions at which the photographs in Plates 3, 4, and 5 were taken. 
The numbers on this diagram refer to the figures on the succeeding plates.  The 
uppermost band indicates the blanched area, A-B, due to stimulation of the con- 
centrating nerve fibers by electrodes applied at the position of the cut but before 
it was made.  Area B  resulted from the application of the stimulating current 
peripheral to the cut, and area A when it was applied central to the cut. 
PLA'rE 3 
Conditions of  melanophores in  a  denervated  band  in  the  tail of Fundulus 
immediately after the band had been formed.  See Fig. 2. 
FIG. 3.  Immediately central to the denervating cut. 
Fro. 4.  At the cut. 
Fzo. 5.  Immediately peripheral to the cut. 
PLA2"E 4 
Conditions of melanophores in a denervated band in the tail of Fundulus some 
days after the band had been formed and shortly after it had faded.  See Fig. 2. 
FIG. 6.  Immediately central to the denervating cut. 
FIG. 7.  Immediately peripheral to the cut. 
FIG. 8.  On the band and midway between the cut and the edge of the tall. 
PLATE 5 
Conditions of melanophores in a denervated band in the tail of Fundutus.  The 
band had been allowed to fade and was then revived by a new cut.  See Fig. 2. 
FIG. 9.  Central to the first cut. 
Fro. 10.  Peripheral to the first cut but after the second cut had been made. 
FI~. 11.  Central to the second cut. 
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